Background: There are conflicting reports on whether familial nonmedullary thyroid cancer is more aggressive than sporadic nonmedullary thyroid cancer. Our aim was to determine if the clinical and pathologic characteristics of familial nonmedullary thyroid cancer are different than nonmedullary thyroid cancer. Methods: We compared patients with familial nonmedullary thyroid cancer to a cohort of 53,571 nonmedullary thyroid cancer patients from the Surveillance, Epidemiology, and End Results database. Results: A total of 78 patients with familial nonmedullary thyroid cancer from 31 kindreds presented at a younger age ( P = .04) and had a greater rate of T1 disease ( P = .019), lymph node metastasis ( P = .002), and the classic variant of papillary thyroid cancer on histology ( P < .001) compared with the Surveillance, Epidemiology, and End Results cohort. Patients with ≥3 affected family members presented at a younger age ( P = .04), had a lesser female-to-male ratio ( P = .04), and had a greater rate of lymph node metastasis ( P = .009). Compared with the Surveillance, Epidemiology, and End Results cohort, we found a higher prevalence of lymph node metastasis in familial nonmedullary thyroid cancer index cases ( P = .003) but not in those diagnosed by screening ultrasonography ( P = .58). Conclusion: Patients with familial nonmedullary thyroid cancer present at a younger age and have a greater rate of lymph node metastasis. The treatment for familial nonmedullary thyroid cancer should be more aggressive in patients who present clinically and in those who have ≥3 first-degree relatives affected.
Introduction
Thyroid cancer is the most common endocrine malignancy with more than 56,0 0 0 cases expected to occur in 2018. Thyroid cancers originating from follicular cells account for approximately 95% of all thyroid cancer cases, and the remaining cancers originate from parafollicular cells (medullary thyroid cancer). 1 Familial non-medullary thyroid cancer (FNMTC) accounts for 3-9% of all thyroid cancer cases. 2, 3 Most FNMTC cases are due to papillary thyroid cancer and its histologic variants, but follicular thyroid cancer, Hürthle cell carcinoma, and anaplastic thyroid cancer have also been reported, albeit rarely. FNMTC has an autosomal dominant pattern of inheritance with incomplete penetrance and may be syndromic or nonsyndromic. Nonsyndromic FNMTC accounts for most ( > 95%) cases of FNMTC. 2, 3 Several investigators have suggested that FNMTC is associated with earlier age of onset, a greater rate of multifocal tumors, extrathyroidal extension, lymph node metastases, disease recurrence, and a decreased, disease-specific survival. [4] [5] [6] [7] [8] [9] [10] [11] A recent meta-analysis, which included 12 studies with a total of 12,741 patients who were followed for 1.5-12.1 years, evaluated the aggressiveness of FNMTC in comparison to sporadic nonmedullary thyroid cancer (NMTC). 12 The analysis was based on retrospective studies, including 8 cohort studies and 4 case-control studies, of which 5 were conducted in Asia, 4,6 , 13-15 4 in North America, 2,7 , 16,17 2 in Europe, 18, 19 and 1 that was a combined US and Japanese cohort study. 5 Based on data extracted from 6 eligible studies, FN-MTC was found to have a greater rate of recurrence and a decreased disease-free survival compared with patients with sporadic NMTC. 12 They also found a younger age at diagnosis (2.4 years less on average for FNMTC patients as compared to sporadic NMTC) and a greater rate of multifocal tumors, bilateral disease, extrathyroidal extension, and lymph node metastases, but no difference in primary tumor size. 12 Taken together, these findings suggest that FNMTC is characterized by more aggressive behavior than sporadic disease, but none of these data were based on prospective studies, the study sample size was small in most studies, and in none of the kindred studied were disease status ascertained by screening to provide an accurate assessment of affected disease status.
In this study, we determined if the clinical and pathologic characteristics of patients with FNMTC were different than those with sporadic NMTC. We compared the clinical and pathologic characteristics of patients with FNMTC (papillary thyroid cancer and its subtypes) with at-risk kindred who underwent prospective screening to the cohort of 53,571 patients with papillary thyroid cancer and its subtypes from the Surveillance, Epidemiology, and End Results (SEER) database.
Methods and patients
The Institutional Review Boards of the National Cancer Institute and the National Institutes of Health approved this study, and patients gave written informed consent before evaluation and testing (NCT01109420).
FNMTC cohort evaluation and screening
A total of 31 kindreds with FNMTC were enrolled in a prospective cohort study. All patients had at least 2 first-degree relatives affected with NMTC. Family members with a clinical presentation of thyroid cancer were diagnosed and treated at other centers before referral to the study protocol. Individuals younger than 7 years of age or with syndromic FNMTC were excluded from the study. A family history questionnaire was obtained from all kindred. Demographic, clinical, and pathologic data were collected from medical records, family history questionnaires, and patient interviews. Patient histories, family pedigrees and physical examinations, high-resolution neck ultrasonographic imaging, and laboratory tests were performed at enrollment and annually in all patients enrolled. All pathology slides were reviewed at our institution to confirm the thyroid cancer diagnoses and histologic subtype. Response to treatment in affected members was defined as an excellent response if follow-up studies revealed negative imaging or suppressed thyroglobulin (Tg) ˂0.2 ng/mL or stimulated Tg ˂1ng/mL with negative anti-Tg antibodies.
SEER cohort
Of 62,585 patients from the SEER Program of the National Cancer Institute between 1988 and 2007, 9,014 patients were excluded for unknown pathology and for pathology consistent with medullary thyroid cancer, anaplastic thyroid cancer, and poorly differentiated thyroid cancer. Information on 53,571 patients, including demographics, tumor characteristics, initial treatment, tumor histopathology, and stage at diagnosis, were compared to our cohort of FNMTC. The SEER data used in this study were derived from various geographic locations throughout the United States and did not report family history status for thyroid cancer.
Statistical analyses
For parametric and nonparametric data, 2 group comparisons were performed using Student's t -test, chi-squared test, and MannWhitney U test as appropriate. The log-rank test was used for Kaplan-Meier survival analysis. A 2-tailed P value of < .05 was considered statistically significant. The data were analyzed using SPSS version 21.0 for Windows (SPSS Inc., Chicago, IL). Continuous data were expressed as means ± standard deviations.
Results

Extent of disease in FNMTC cohort
Enrolled in our prospective cohort study were 31 kindreds with FNMTC. A total of 78 patients underwent operative management and were diagnosed with thyroid cancer on histologic examination. Details on demographics, clinical presentation, and pathologic findings are summarized in Table 1 . The FNMTC patients had an average age of 43 ± 15 years at diagnosis with a peak incidence between the ages of 30 and 44 years (51%); 56 patients (72%) were women. Seventy-four patients (95%) underwent total thyroidectomy, 36 (46%) underwent therapeutic central neck lymph node dissection, and 9 (12%) underwent therapeutic lateral neck dissection for papillary thyroid cancer (99%) and follicular thyroid cancer (1%). Most patients had tumor node metastasis (TNM) stage I cancers (92%), with a tumor greatest dimension on histopathology of 1.3 ± 1.1 cm. Papillary thyroid cancer was present in both thyroid lobes (bilateral) in 33% of the specimens and was multifocal in 53% of the specimens. Extrathyroidal extension was present in 7 patients (9.5%).
Extent of disease in FNMTC versus SEER cohort
Patients from the FNMTC group compared to the SEER database had a similar sex distribution with female predominance (femaleto-male: 2.5 vs 3.6; P = .106) and were diagnosed at a younger age (age ≤45 years: 62% vs 49.5%; P = .041). Most patients in the FNMTC group underwent a total thyroidectomy (95% vs 84.6%; P = .04) and had more cases of the classic variant of papillary thyroid cancer on histology compared with patients in the SEER database (84% vs 63.3%; P < .001). FNMTC patients had a greater rate of lymph node metastasis to the central and lateral neck compartments ( P = .002) despite presenting with a greater rate of T1 stage (75% vs 57.8%; P = .01; Table 2 ).
An analysis of the patients who presented clinically ( n = 58) and those diagnosed by screening ( n = 20) in comparison to the SEER cohort is summarized in Table 3 . In patients who presented clinically with FNMTC, we found a younger age at diagnosis ( P = .038) as well as a greater rate of histologic subtype of papillary thyroid cancer ( P = .02), lymph node metastases ( P = .003), and rate of total thyroidectomy (98%; P = .019) as compared to the SEER cohort ( Table 3 ). In contrast, in our patients diagnosed with FN-MTC by screening, we found no difference in tumor stages, extent of operation, or the rate of lymph node metastasis compared with the SEER cohort. We did, however, observe a greater rate of classic variant of papillary thyroid cancer ( P = .017) compared to the SEER cohort ( Table 3 ) . When comparing patients who presented clinically ( n = 58) to those diagnosed by screening ( n = 20), we found smaller tumor size and a lesser rate of central and lateral lymph node metastases in the screened group and greater rate of hemithyroidectomies, but no difference in the rate of extrathyroidal extension, bilateral tumor, or multifocality ( Table 4 ) .
A total of 14 kindreds had 2 first-degree relatives affected and 17 kindreds had 3 or more first-degree relatives affected. Patients from kindred with 2 affected members had a similar age at diagnosis ( P = .19), sex distribution ( P = .42), extent of thyroidectomy ( P = .12), histologic diagnosis ( P = .2), rate of extrathyroidal extension ( P = .29), and TNM stage ( P = .73) compared to the SEER cohort ( Table 5 ). In contrast, patients from kindred with 3 or more affected members presented at a younger age ( P = .04) and had a more classic variant of papillary thyroid cancer ( P = .001), greater rate of T1 tumors ( P = .04), and a greater rate of lymph node metastasis ( P = .009) compared to patients in the SEER database ( Table 5 ). There was no difference in clinical and pathologic characteristics nor type of treatment between kindred with 2 affected members in comparison to those with 3 or more affected members ( Table 6 ) . Analysis of 55 patients from kindred with 3 or more affected members who presented clinically (37 patients) compared to those diagnosed by screening (18 patients) showed a greater rate of lateral neck nodal metastasis ( P = .05) but no difference in TNM stage ( P = .32) or central neck nodal metastasis rate ( P = .129).
At a median follow-up of 54 months, there was no difference in disease-specific survival between the FNMTC (3/78, 96%) and the SEER cohort (98.4%; P = .145). The recurrence rate in patients with FNMTC was 13% (10/78) with recurrence data not available in the SEER database for comparison.
Discussion
In this study, we evaluated the clinical characteristics, operative approach, and pathology results of our FNMTC cohort compared to patients with NMTC in the SEER database, excluding cases of medullary thyroid cancer, anaplastic thyroid cancer, and poorly differentiated thyroid cancer. We found that patients from kindred with 3 or more affected members were younger at the presentation and had a greater rate of lymph node metastasis despite presenting with a lesser tumor stage.
Consistent with most studies, the current study identified aspects of FNMTC that suggest a more aggressive disease than sporadic NMTC with a greater rate of lymph node metastasis and an earlier age of onset compared with patients in the SEER database. It has been estimated that 2.6% of all NMTC cases are FNMTC when using the definition of at least 2 first-degree, consanguineous family members. 20 But statistical analysis of all reported FNMTC cases up to the year 2006 showed that 62-69% of families with only 2 affected members may have sporadic NMTC and not FNMTC. Consistent with this probability estimation, in a prospective screening study of at-risk family members with FNMTC, we found a greater rate of diagnosis of thyroid cancer by screening when 3 or more first-degree relatives were affected than when only 2 first-degree relatives were affected. 21 Indeed, in the current study, patients from kindred with only 2 affected members had similar age at presentation, similar sex distribution, and similar T and N stages compared to the SEER database. In contrast, compared to the SEER database, patients from kindred with 3 or more affected members presented at a younger age, presented with a lesser T stage, had a greater rate of lymph node metastasis, and a lesser proportion were female. The rate of extrathyroidal extension was similar between the FNMTC group and the SEER cohort. The lesser T stage observed in kindred with 3 or more affected members is likely a result of at-risk members being diagnosed by screening because we did not observe the same findings in patients who clinically presented with FNMTC.
In the current study, we found that patients with FNMTC presented at a younger age, which is consistent with previous studies; 20 patients in the FNMTC group diagnosed by screening had a median age at diagnosis of 42 years old. Although screening for cancer may result in earlier diagnosis and younger age at diagnosis, all first-degree relatives in the kindred were screened (including the parental generation), thus the younger age observed in our study is unlikely to be due to screening. Moreover, when comparing patients who clinically presented with FNMTC, we still observed a younger age at diagnosis as compared to the SEER cohort. Our FNMTC cohort comprises patients diagnosed clinically (clinical presentation) and by screening. This means of diagnosis may pose concerns for selection bias because FNMTC diagnosed by screening may have been diagnosed before manifesting more aggressive features. Indeed, a subanalysis of the screened patients diagnosed with FNMTC showed less aggressive disease compared to the SEER database, whereas FNMTC diagnosed clinically was more advanced compared to the SEER database ( Table 3 ). This subanalysis highlights that despite skewing the results by contaminating the whole cohort by screened FNMTC "less aggressive group," the FNMTC cohort still had more aggressive disease at presentation. Furthermore, another potential selection bias could be that patients with a known family history of FNMTC may be treated with more extensive preoperative workup and with aggressive therapeutic procedures than sporadic NMTC cases. To further evaluate this potential bias, a comparison of the clinically diagnosed FNMTC (index cases and before referral to our center) versus screened FN-MTC patients ( Table 4 ) showed that the latter group had less advanced disease and a less extensive initial operation, which reflects no bias in the initial performed procedure.
Most patients with differentiated NMTC have an excellent survival rate, which makes detecting survival differences between different groups of patients difficult because of the lack of a large enough sample size and the long-term follow-up required. The disease-specific survival was similar between patients with FNMTC and the SEER cohort with a median follow-up of 54 months. In addition to the short follow-up duration, our FNMTC group had more of the classic papillary thyroid cancer subtype, which is less aggressive than the other subtypes.
The following findings in our cohort suggest that the surgical treatment should be more aggressive in FNMTC with 3 or more affected members: (1) patients who presented clinically with FN-MTC had greater rates of lymph node metastasis than the SEER NMTC cohort, (2) patients diagnosed with FNMTC by screening had a lesser rate of extrathyroidal extension and lymph node metastasis, and (3) FNMTC patients from kindred with 3 or more affected members had more aggressive features.
The strength of the present study includes a relatively large number of FNMTC patients from 1 institution who underwent prospective comprehensive evaluations to ascertain disease status annually. Our cohort includes a substantial number of patients who were screened, which provided accurate information on the number of family members affected. Nevertheless, there are several limitations to the current study, including a short duration of follow-up that may not allow us to detect a difference in diseasefree survival, and missing information on tumor bilaterally, multifocality, and exact tumor dimension in the SEER database that did not allow us to compare these variables to the FNMTC cohort. Lastly, it is possible that some cases in the SEER database may be cases of FNMTC and not sporadic, but given the large sample size in this database, we do not think this would significantly affect the results we observed.
In conclusion, FNMTC patients from families with at least 3 affected members presented with more aggressive features and a younger age, which suggests a more aggressive surgical management may be warranted.
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Discussion
Dr. Martha A Zeiger (Charlottesville, Virginia): Very nice presentation and a truly incredible place to which they bring us with their research. I have a question for you.
When you are looking at patients in comparing nodal status, it's important to remove all NX. You said you have no information about those patients. Certainly with the database, it is very important to remove those patients, and only compare N0 to N1 and N2. Was that done or were they just catalogued as N0?
Dr. Mustapha el Lakis : Thank you Dr Zeiger for your question. Indeed, in our analysis we adjusted for the missing data or unknown lymph node status, specifically the NX status.
Dr. Oliver Gimm (Linkoping, Sweden) : Very nice presentation. Thank you. I enjoyed it a lot. I have a question. I know that your talk is focused on the particular treatment. But I wonder, would you recommend any modifications regarding the follow-up of these patients?
Dr. Mustapha el Lakis : Thank you for your question. When we looked at the recurrence rate, we found no difference between FNMTC patients and sporadic thyroid carcinoma patients at a median follow-up duration of 5 years. However, we need a much longer follow-up period to determine a difference in survival or recurrence for thyroid carcinoma. Since we noted along with other studies more aggressive behavior in FNMTC, we recommend a follow-up for a longer duration and at shorter intervals in comparison to the standard practice for sporadic thyroid carcinoma.
Dr. Victor Bernet (Jacksonville, Florida): Very nice paper. And this may overlap with Dr. Zeiger's question a little bit. You mentioned that the people with familial disease might get more intensive screening and such preoperatively. But as far as neck dissection, when you look at the SEER data, do you really know that they had the same intensity of neck dissections? Because I would think we know that rate of micrometastasis is like 90% if you look for them. So I don't know if you accounted for that.
Dr. Mustapha el Lakis : Thank you for this question. None of the patients in the FNMTC group had prophylactic neck dissection. Only therapeutic neck dissection was done if it was clinically indicated, yet the rate of lymph node metastasis was higher in the FNMTC group despite the fact that some patients in the SEER group might have had prophylactic neck dissection with micrometastasis. Furthermore, we have analyzed the extent of surgery in the FNMTC cohort and found that FNMTC patients who presented with less extensive disease underwent a less extensive surgery.
Dr. Julie Sosa (San Francisco, California): You ended with a conclusion slide, and I was looking for implications. So my question is around US Preventative Services Task Force recommendations that were issued recommending against screening for thyroid cancer in asymptomatic adult patients. But those guidelines did not really discuss application of screening guidelines for patients who may be like this cohort at elevated risk for the demonstration of inherited form of thyroid cancer.
My question for you is, what do you think about the US Preventative Services Task Force guidelines regarding screening? And, in your opinion, should they be amended in light of your findings?
Dr. Mustapha el Lakis : We have addressed the subject of screening in an earlier publication, where our group found that families with 3 or more affected members had a high rate of thyroid cancer detected at an early stage.
Dr. Julie Sosa (San Francisco, California): But my question is, in light of these findings what your recommendations would be about those guidelines.
Dr. Mustapha el Lakis : Our current study looked at the clinical and pathologic features of FNMTC patients. We did not address the screening topic but the more aggressive disease observed in the FNMTC cohort would suggest at-risk family members with 3 or more affected members may benefit from screening and surveillance.
Dr. Roger Tabah (Montreal, Canada): Certainly, over 30 years ago, when I started practice, I thought this was a relatively rare phenomenon. But if you look for it, you will find families with familial papillary carcinoma of the thyroid. Anecdotally, I have had the privilege of looking after a grandmother, a mother, and two granddaughters. We decided to screen the granddaughters. And the interesting phenomenon we noted was that amongst the generations, the presenting tumor characteristics were more aggressive, and more soft tissue invasion, smaller tumors, and more lymph node metastases. An anecdotal observation but it's an interesting thought.
Dr. Haggi Mazeh (Jeruselem, Israel): Interesting paper. I think the main question that is still left unanswered is this: If you encounter a patient with 2 family members that have an aggressive disease, and another patient with 2 family members that have a very mild disease, should these patients be treated differently? The gut feeling is that the patient with the more aggressive disease should be treated more aggressively. But we don't have evidence to support it from any of the papers that are published on familial non-medullary thyroid cancer, and I was wondering what is your take on this?
Dr. Mustapha el Lakis : We agree with your conclusion. Our study, along with others have shown more aggressive disease in FNMTC. How does this reflect on management is not answered since we don't have long-term survival and recurrence analysis. Different risk factors reflect on the extent of surgery such as aggressive subtypes of thyroid cancer. Similarly and by considering FNMTC more aggressive, it is intuitive to treat them more aggressively pending long-term survival analysis.
Dr. Jason Prescott (Baltimore, Maryland): I very much enjoyed your talk. I'm curious to know more about the patients that you screened in your cohorts. In those in whom you identified new cancers, was the diagnosis based on ultrasonography of the thyroid? Did the nodules you find meet criteria according to American Thyroid Association guidelines for biopsy? Or were you even more aggressive than you otherwise would have been had this just been a sporadic patient?
Dr. Mustapha el Lakis : We screened all family members older than 7 years of age and we biopsied lesions at a cut off size of 5 millimeters or more. Whenever differentiated thyroid cancers was identified, patients were subjected to either hemithyroidectomy or total thyroidectomy and or therapeutic lymph node dissection based on the preoperative imaging and intraoperative findings.
Dr. Jason Prescott (Baltimore, Maryland): So were you being more aggressive with your biopsies in this cohort than you would have with other patients?
Dr. Mustapha el Lakis : ATA guidelines currently recommend biopsy at greater than 1 centimeter, but our cut-off for biopsy was 0.5 centimeter or greater in concordance with the previous ATA guidelines when the clinical protocol was opened.
Dr. Ashok R Shaha (New York, New York): Based on your study, would you strongly recommend family members to have prophylactic screening? That is number 1. In medullary cancer we do that, but not for papillary cancer. So do you recommend that everybody should have screening in the family?
Second question. If you do that, how often, and at what age would you start the screening? And will you do that for the rest of their lives?
And a corollary to that is 6% or 7% of us are living with microscopic thyroid cancer. So is this truly a familial phenomenon or is this more commonly seen?
Dr. Mustapha el Lakis : Thank you for your questions. As for the last question, if we end up identifying a specific genetic mutation responsible for FNMTC, then, regardless of the size, we can attribute thyroid carcinoma to the familial pattern. As for first question, we are screening at-risk family members as of the age of 7 years, which is 10 years younger than the age of the youngest patient we diagnosed with a familial thyroid cancer. Our group have published and addressed screening earlier and found that families with 3 or more affected members had much higher rate of thyroid cancer than the general population rate and that it should be done in all first-degree relatives of affected members.
Dr. Ashok R Shaha (New York, New York): At age 7, and then how often afterwards?
Dr. Mustapha el Lakis : On a yearly basis based on previous study where new disease developed within 2 years of having a normal ultrasound.
Dr. Ashok R Shaha (New York, New York): For the rest of their life?
Dr. Mustapha el Lakis : Yes.
